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Abstract
This study aimed to investigate the contribution of four
common DFNB (“DFN” for deafness and “B” for auto-
somal resessive locus) loci and GJB2 gene mutations
(exon 2) in hearing impairment in individuals living in
Markazi and Qom provinces of Iran. Forty consan-
guineous Iranian families with at least three affected
individuals in family or pedigree who suffer from an
autosomal recessive non-syndromic congenital hear-
ing impairment were the subjects of this study. Blood
samples were taken from both hearing and non-hear-
ing individuals, DNA was extracted and amplified by
using specific primers for the coding region of GJB2
gene (exon 2). The PCR product of GJB2 gene was
then sequenced.  Also short tandem repeat (STR)
markers amplified by using specific primers for loci
DFNB2, DFNB3, DFNB4 and DFNB21. At least 2
microsatellite markers (STR) for each DFNB locus
exceeding to 4-6 markers for the linked families were
used. The amplified markers were analyzed by con-
ventional Polyacrylamide Gel Electrophoresis followed
by silver staining. Six families were homozygous or
compound heterozygous for GJB2 mutations and were
excluded from further studies. Linkage analysis was
carried out for the remaining 34 families by genotyping
the flanked STR markers of DFNB2, DFNB3, DFNB4
and DFNB21 loci. Six families showed linkage; includ-
ing  one family to DFNB2, two families to DFNB3 and
three families to DFNB4 locus while no family showed
linkage to DFNB21 locus. Undoubtedly, the best
understanding of the genetic basis of hearing loss in
Iranian population will be achieved by performing sim-
ilar experiments in other provinces and also by analyz-
ing more loci.
KeyWords: Hearing impairment; Autosomal recessive
non-syndromic hearing loss (ARNSHL); GJB2;
Linkage analysis; Short Tandem Repeat (STR)
Congenital deafness is the most prevalent sen-
sorineural disorder that affects one in 1000 neonates
with 50% genetic basis (Kalay et al., 2005;
Ramshankar et al., 2003). Hereditary deafness is a
genetically heterogeneous disorder that is classified as
non-syndromic (70%) and syndromic. Non-syn-
dromic hearing impairment can be further subdivided
by the mode of inheritance. The majority of the non-
syndromic cases (77%) show autosomal recessive
inheritance while 22% are autosomal dominant and
only 1% is X-linked or due to mitochondrial muta-
tions (Petersena  and  Willemsb 2006; Mukherjee  et
al., 2003). More than 100 genes are estimated to be
involved in hearing impairment and to date about 130
loci have been described in previous studies and 47
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relative genes have so far been mapped
(http://webh01.ua.ac.be/hhh/). The different loci for
numerous forms of deafness have been called DFN
(for deafness) and are numbered in chronological
order of discovery. Autosomal dominant forms have
been designated as DFNA, autosomal recessive loci
as DFNB and X-linked as DFN (Mukherjee et al.,
2003).
Despite this heterogeneity, up to 50% of prelingual
recessive non-syndromic hearing loss (ARNSHL) can
be attributed to mutations in GJB2 in many popula-
tions (Petersena and Willems, 2006). Consanguinity
in the Iranian population is highly prevalent (Saadat et
al., 2004), so research on ARNSHL is much recom-
mended (Hashemzadeh Chaleshtori et al., 2007;
Najmabadi et al., 2005). The main purpose of this
study was to identify the contribution of 4 common
DFNB loci (FDNB2, DFNB3, DFNB4 and DFNB21)
and GJB2 gene mutations (exon 2) in hearing impair-
ment of the Markazi and Qom provinces of Iran. 
Questionnaires were distributed in deaf schools, hear-
ing loss centers and rehabilitation centers in Qom and
Markazi provinces and were collected after being
filled by the parents. Forty families were selected for
this study. All of the studied families in this research
have consanguineous marriages with the autosomal
recessive mode of inheritance. These families have at
least 3 deaf individuals in their pedigree. All affected
individuals of this study suffer from a prelingual auto-
somal recessive hearing impairment with no other
associated clinical findings and no history suggestive
of any other possible etiology. 
Informed forms were provided for each adult indi-
vidual of this study (for the individuals under 18 years
old, permission was taken from their parents). DNA
was extracted from peripheral blood samples using
the phenol/chloroform standard procedure (John et
al., 1991). 
The coding exon of GJB2 (Genbank accession no.
M86849) was amplified using the following primer
pair; Forward: 5 -´GTCTCCCTGTTCTGTCCTA-3´and
Reverse: 5´-TCTAACAACTGGGCAATG-3´. The
amplified DNA fragment of 743 bp contains the cod-
ing sequence (681bp). The PCR products of the GJB2
gene were quality controlled on the 1.5% Agarose gel
and then sequenced. Sequencing the whole coding
region of this gene was carried out using a capillary
automated system 3700 ABI sequencer (Macrogen,
South Korea). One affected sample in each family was
sequenced for both strands initially and then muta-
tions were confirmed by sequencing another affected
member of these families. DNA samples from the
families without a mutation in the coding region of
GJB2 were amplified by using specific primers (Table
1). At least 2 microsatellite markers were used for
each locus (Alasti et al., 2008). The PCR products of
the STR markers were analyzed by 12% (29:1,
acryl:bis) polyacrylamide gel electrophoresis (PAGE)
followed by silver staining (Fig. 1).
Altogether 354, questionnaires containing complet-
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Table 1. The specific primers used for amplification of STR markers.
Locus Marker Forward (5´ 3´ ) Reverse (5´ 3 )´ Heterozygote
rate
Variability in
allele size (bp)
DFNB2
DFNB3
DFNB4
DFNB21
D11S911
D11S1789
D11S4186
D11S4079
D17S2196
D17S1794
D17S2207
D17S2206
D7S501
D7S2420
D7S496
D7S2456
D7S2459
D7S1817
D11S925
D11S4089
CTTCTCATGCTTGACCATTT
ACCAGGAAATTGAGAACCA
CCCAGCCTTACATATTCC
CAGCAAGATCCTGTCTCAA
CCAACATCTAGA ATTATTCAGAATC
GGTAGAGATGGGTTTCACCA
TATTCTTACCACCTCCCCTG
CTGCCTGTCCCTCCACCCACAC
CACCGTTGTGATGGCAGAG
CCTGTATGGAGGGCAAACTA
AACAACAGTCAACCCACAAT
CTGGAAATTGACCTGAAACCTT
CAGAACTATTATTTAGGAG
CAAATTAATGGCAAAAACTGC
AGAACCAAGGTCGTAAGTCCTG
ATTCCTAGTTCCCTCATAAACACTG
CTTCTGAACAATTGCCACAT
TCTGGCCCAACAGAAGT
GCTGATGAGCAGAGGTAG
CTCCTTAAAGTGGGGGAGTT
ATATTTCAATATTGTAACCAGTCCC
GTGTGTCCAGACTTTGACGA
CAGGACCTGCTAGTGCAGG
CCTCCCTCCTGGACGCTCTTG
ATTTCTTACCAGGCAGACTGCT
AAATAATGACTGAGGCTCAAAACA
GCTATAACCTCATAANAAACCAAAA
ACAGGGGTCTCTCACACATATTA
TAGTAAAACCCATTTGAAC         
CCCCCCATTGAGGTTATTAC
TTAGACCATTATGGGGGCAA
TAATCAAAGGCTGTAGTGAATTGG
0.86
0.69
0.79
0.75
0.83
0.66
High
High
0.82
0.81
0.76
0.64
0.77
0.69
0.85
0.75
159-203
208-252
154-175
257-265
139-163
179-189
256-267
141-165
163-179
240-292
129-141
238-252
140-152
125-141
173-199
199-213
Data in above table were extracted from Marshfield clinic (http://research.marshfieldclinic.org/genetics/) and Genome Data Bank (GDB) (http://www.gdb.org ).
ed information about hearing loss families were col-
lected. The families studied were the result of consan-
guineous (59.3%) and non-consanguineous marriages
(36.7%). The marriage type was not determined in 4%
of the families. Mean of deaf individuals among these
families was 1.8 ± 1.4. By assessing the filled ques-
tionnaires and pedigrees and by talking to the parents,
the deafness etiology in the studied population was
categorized as genetic (70.9%), environmental (9%)
and unknown (20.1%). Forty families with ARNSHL
were selected for this study. At first, these families
were analyzed for GJB2 gene mutations (exon 2). Six
families were homozygous or compound heterozygous
for a mutation in GJB2 and were excluded from link-
age analysis of the four common loci. The mutations
found in GJB2 gene are represented in Table 2.
Linkage analysis using highly polymorphic
microsatellite markers was performed on 34 remain-
ing consanguineous families. The families were geno-
typed for microsatellite markers close to DFNB2,
DFNB3, DFNB4 and DFNB21 loci. A linkage was
identified in 6 families, including one to DFNB2, two
families to DFNB3 and three others to DFNB4 loci,
while none of the families showed linkage to the
DFNB21 locus (Table 3). 
Mutations in GJB2 have been shown to be the
major cause of ARNSHL in many populations
(Mustafa, 2004; Bayazit et al., 2003). The results of
this study also show that the contribution of GJB2
mutations is significant in familial deafness in Iran
(Hashemzadeh Chaleshtori et al., 2007; Najmabadi et
al., 2005). Deafness in 15% of these families is due to
mutations in GJB2, which is consistent with other
studies in the Iranian population (Hashemzadeh
Chaleshtori et al., 2007; Najmabadi et al., 2005).
However, this needs further assessment of the other
known loci as well as searching for factors related to
hereditary deafness in the Iranian population.
ARNSHL is the most prevalent type of hereditary
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Figure 1. Genotyping of the D7S496 STR marker showing linkage
for DFNB4 locus with 12% (29:1, acryl:bis) Polyacrylamide Gel
Electrophoresis (PAGE) followed by silver staining. Affected individ-
uals are homozygous for the D7S496 STR marker. Numbers under
the gel represent genotypes.
Table 2. GJB2 genetic variants identified in Iranian ARNSHL families (compared to Genbank accession
#M86849).   
No. Mutation Description Effect Frequency
(family)
Percent 
1
2
3
4
35delG/35delG
35delG/W24X
233delC/233delC
176-191del16*
del of G at 30-35
del of G at 30-35/G to A at 71
del of C at 233-235
del 16 nt at 176
Truncated protein
Truncated protein
Truncated protein
Truncated protein
3
1
1
1
7.5
2.5
2.5
2.5
*This mutation is reported for the first time in the Iranian population. 
Table 3. Linkage analysis results for four DFNB loci.
No. locus Chromosomal location Most Important Reference Frequency
(family)
Percent 
1
2
3
4
DFNB2
DFNB3
DFNB4
DFNB21
11q13.5
17p11.2
7q31
11q
Liu et al., 1997  Weil et al., 1997
Friedman et al., 1995
Baldwin et al., 1995
Mustapha et al., 1999
1
2
3
0
2.5
5
7.5
0
These data were extracted from the hearing loss homepage (http://webh01.ua.ac.be/hhh/).
hearing loss in non-Caucasian populations with a high
frequency of consanguinity (Petersena and Willemsb,
2006; Kalay et al., 2005; Mukherjee et al., 2003). The
consanguinity in the Iranian population is highly
prevalent (Saadat et al., 2004), so further research on
ARNSHL is highly recommended in Iran
(Hashemzadeh Chaleshtori et al., 2007; Najmabadi et
al., 2005; Sadeghi et al., 2005). 
Fifteen percent of these families showed linkage to
3 ARNSHL loci. Hearing loss in the linked families is
likely due to mutation in the known deafness genes in
these 3 loci (Myosin 7A, Myosin 15A, SLC26A).
Undoubtedly, the best results on the contribution of
different loci to Iranian hearing loss will be achieved
by arranging these experiments in other provinces and
also analyzing some other loci.
Mutation in the GJB2 gene and linkage to 3 ana-
lyzed common loci were found in 30% of studied fam-
ilies. Because, 59 loci for ARNSHL have already been
reported (http://webh01.ua.ac.be/hhh/), it is likely that
the linkage to one of these known loci as well as the
involvement of a new genomic region can contribute
to deafness in the remaining families. The next step of
this work would be sequencing the known deafness
genes which have already been mapped in those loci in
the linked families, so as to identify the pathogenic
variants in these families. 
Acknowledgments 
We would like to thank all the families, students and
personnel of the schools for hearing-impairment in
Qom and Arak provinces for their cooperation. Also we
wish to thank other hearing impairment centers for
their contribution to this study. This work was support-
ed by Tarbiat Modarres University and the National
Institute of Genetic Engineering and Biotechnology
(NIGEB), Grant No. 164, Tehran, I.R. Iran. 
References 
Alasti F, Sanati MH, Behrouzifard AH, Sadeghi A, Brouwer APM,
Kremer H, Smith RJH, Camp GV (2008). A novel TECTA
mutation confirms the recognizable phenotype among auto-
somal recessive hearing impairment families. Int J Pediatr
Otorhi. 72: 249-255. 
Baldwin CT, Weiss S, Farrer L, De Stefano A, Adair R, Franklyn
B, Kidd KK, Korostishevsky M, Bonne-Tamir B (1995).
Linkage of congenital, recessive deafness (DFNB4) to chro-
mosome 7q31 and evidence for genetic heterogeneity in the
Middle Eastern Druze population. Hum Molec Genet. 4:
1637-1642. 
Bayazit YA, Cable BB, Cataloluk O, Kara C,  Chamberlin P,
Smith RJH, Kanlykama M,  Ozer E,  Cakmak EA, Mumbuc
S, Arslan A (2003). GJB2 gene mutations causing familial
hereditary deafness in Turkey. Int J Pediatr Otorhi. 67: 1331-
1335. 
Friedman TB, Liang Y, Weber JL, Hinnant JT, Barber TD, Winata
S, Arhya I.N, Asher JH  (1995). A gene for congenital, reces-
sive deafness DFNB3 maps to the pericentromeric region of
chromosome 17. Nat Genet. 9: 86-91.
John SWM, Weitzner G, Rozen R, Scriver CR (1991). A rapid pro-
cedure for extracting genomic DNA from leukocytes.
Nucleic Acids Res. 19: 408.
Hashemzadeh Chaleshtori M, Farhud DD, Patton MA (2007).
Familial and Sporadic GJB2-Related Deafness in Iran:
Review of Gene Mutations. Iranian J Publ Health. 36: 1-14.
Kalay E, Caylan RK, Kremer H, Brouwer AP, Karaguzel A
(2005). GJB2 mutations in Turkish patients with
ARNSHL:prevalence and two novel mutations. Hearing Res.
203: 88-93. 
Liu XZ, Walsh J, Mburu P, Kendrick-Jones J, Cope MJ, Steel KP,
Brown SD. (1997). Mutations in the myosin VIIA gene cause
non-syndromic recessive deafness. Nat Genet Jun. 16: 188-
90.
Mukherjee M, Phadke SR, Mittal B (2003). Connexin 26 and
autosomal recessive non-syndromic hearing loss. Indian J
Hum Genet. 9: 40-50. 
Mustafa MW (2004). Prevalence of the connexin-26 mutation
35delG in non-syndromic hearing loss in Egypt. The Int J
Otorhi. 3: 1. 
Mustapha M, Weil D, Chardenoux S, Elias S, El-Zir E, Beckmann
JS, Loiselet J, Petit C, (1999). An alpha-tectorin gene defect
causes a newly identified autosomal recessive form of sen-
sorineural pre-lingual non-syndromic deafness, DFNB21.
Hum Molec Genet. 8: 409-412.
Najmabadi H, Nishimura C, Kahrizi K, Riazalhosseini Y,
Malekpour M, Daneshi A, Farhadi M ,Mohseni M, Nejat M,
Ebrahimi A, Bazazzadegan N,  Naghavi A, Avenarius M,
Arzhangi S, Smith RJH (2005). GJB2 mutations: passage
through Iran. American J Med Genet. 133: 132-137.
Petersena MB, Willemsb PJ (2006). Non-syndromic, autosomal-
recessive deafness. Clin  Genet.  69: 371-392.
Ramshankar M,Girirajan S, Dagan O, Ravi Shankar H M, Jalvi R,
Rangasayee R, Avraham KB, Anand A (2003). Contribution
of connexin-26 (GJB2) mutations and founder effect to non-
syndromic hearing loss in India. J Med Genet. 40: 68.
Saadat M, Ansari-Lari M, Farhud DD (2004). Consanguineous
marriage in Iran. Ann Hum Biol. 31: 263-9. 
Sadeghi A,  Sanati MH, Alasti F, Hashemzadeh Chaleshtori M,
Ataei M (2005). Mutation analysis of connexin 26 gene and
Del (GJB6-D13S1830) in patients with hereditary deafness
from two provinces in Iran. Iran J Biotechnol. 3: 255-258. 
Weil D, Kussel P, Blanchard S, Levy G, Levi-Acobas F, Drira M,
Ayadi H, Petit C(1997). The autosomal recessive isolated
deafness, DFNB2, and the Usher 1B syndrome are allelic
defects of the myosin-VIIA gene. Nat Genet. 16: 191-3.
http://research.marshfieldclinic.org/genetics/
http://www.gdb.org
http://webh01.ua.ac.be/hhh/
Sadeghi et al.
111
